The persistence of afferent activity at stimulus offset was examined in mice as a function of age ͑experiment 1͒ and noise level ͑experiment 2͒, using a procedure devised by von Bekesy to study the physiological decay of afferent activity. Noise offset was presented from 1 to 10 ms ͑the temporal gap͒ prior to an acoustic startle stimulus, with an abrupt edge or a linear ramp having the duration of the gap. Noise offset inhibited the startle reflex, this effect declining with age. For young ͑2-3 months old͒ and ''young-old'' mice ͑18 -19 months old͒, the abrupt offset was always more inhibitory than the ramp, even for the one millisecond gap. In ''old-old'' mice ͑24 -26 months old͒ abrupt and ramped offsets were not different until the gap exceeded 4 ms. The behavioral difference between abrupt and ramped decay times did not depend on noise level in young mice ͑4 -5 months old͒, though overall inhibition increased with level. These data indicate that temporal acuity as measured by this gap detection method is limited in very old mice by their reduced ability to follow the abrupt change in noise level at the beginning of the gap.
I. INTRODUCTION
Many years ago von Bekesy ͑1933/1960͒ measured the slowest rate of tone decay that a human listener was unable to distinguish from a tone with an abrupt offset, in order to track the rate of ''physiological decay'' at stimulus offset in human listeners. He appreciated that neural activity does not immediately cease at stimulus offset, and attributed the sensory equivalence of the two tones to their having the same internal rate of decay of afferent activity: for the tone with the abrupt offset this was the intrinsic decay of neural excitation, while for the tone with the ramped offset the more gradual decrement in acoustic input matched the rate of the internal decay process. A later experiment by Miller ͑1948͒ extended this procedure more appropriately to noise offsets, which do not yield spectral differences for abrupt and ramped transitions, and found that the slowest linear decay time that could not be distinguished from an abrupt shift was about 35 ms for his human listener, this value being invariant across noise levels. Plomp ͑1964͒ followed up these earlier experiments in his study of ''the decay of auditory sensation,'' but developed the gap detection method for this research in preference to the comparison of abrupt versus ramped offsets previously employed by von Bekesy ͑1933/ 1960͒ and Miller ͑1948͒. Gap detection experiments are now the most commonly used method for studying temporal acuity, and yield thresholds of about 2 to 3 ms under optimal conditions for both human listeners and for laboratory animals.
In a previous study of the effects of age on temporal acuity in humans and in mice, Barsz et al. ͑2002͒ reported that old CBA mice and old human listeners with near-normal audiograms are similar in their being less sensitive to gaps than are the young, and provided single-unit electrophysiological data from the mouse inferior colliculus suggesting that this loss of sensitivity can be attributed to an age-related deficit in the strength of the onset response to noise at the end of the gap. But as described first by Plomp ͑1964͒, gap detection depends on two partially independent processes, namely, first, the rate of decay of excitation following noise offset at the initial edge of the gap, and, second, the strength of the excitatory response to noise onset at its end. The present experiment was designed to test the hypothesis that the decline in temporal acuity in the old subject may result at least in part from an age-related increase in the persistence of neural activity during the gap.
In the present research we returned to the procedure initially proposed by von Bekesy in combination with an adaptation of the method of reflex modification audiometry ͑Young and Fechter, 1983͒ to investigate temporal acuity in the mouse. An abrupt noise offset provides a powerful graded inhibition of the acoustic startle reflex ͑ASR͒ with an increase in the duration of the gap that intervenes between noise offset and the startle stimulus in mice ͑Ison et al., 1998͒. A ramped noise offset that intrudes into a gap reduces gap detection, in mice in humans ͑Allen et al., 2002͒ . These data indicate that at long decay times the abrupt decay should produce more inhibition than the gradual decay, but, further, in line with the hypothesis of von Bekesy, at some relatively short decay rates that these offset conditions may be indistinguishable in their effects. The question then is how the temporal threshold for detecting this difference between the abrupt and ramped offsets might vary with age.
Three age groups were tested, young adult, old, and very old mice. If the rate of decay of afferent stimulation varies with age, then the two noise offset functions should diverge at different gap durations in the three groups. A second experiment investigated the effect of differences in noise level on these functions. At two years of age old CBA mice have a 20-to 30-dB loss of sensitivity in their hearing across the spectrum ͑Li and Borg, 1991͒, and an effect of age on the rate of decay might be an indirect consequence of hearing loss rather than its having a direct link to age. Although neither Plomp ͑1964͒ nor Miller ͑1948͒ had found a difference in decay rate across level, the experimental details of their work were very different from those used here. For this reason we tested a single group of young mice in three different background noise levels, to determine whether the temporal functions for the development of startle inhibition follow abrupt versus ramped noise offsets would vary with noise level.
II. METHOD

A. Subjects
The subjects were 102 CBA/CaJ mice ͑54 male, 48 female͒ born and raised in the vivarium at the University of Rochester, derived from breeding stock initially acquired from the Jackson Laboratory ͑Bar Harbor, ME͒. In experiment 1 the mice were 2-3 months ͑nϭ26͒, 18 -19 months ͑nϭ31͒, or 24 -26 months of age ͑nϭ25͒. In experiment 2 the mice were 5-6 months of age ͑nϭ20͒. The mice were maintained in group cages under conditions of constant temperature and humidity, with a 12-12 h light dark cycle ͑lights on at 6 a.m.͒. Testing was conducted usually between the hours of 9 a.m. to 6 p.m.
B. Apparatus
The details of the apparatus and general procedures have been previously described ͑Ison et al., 2002͒, including ͑in Fig. 1 of that report͒ a depiction of the startle response on baseline control trials and on trials in which the startle stimulus is preceded by a gap in a background noise. Briefly, the mouse was confined for testing in a wire mesh oval-shaped cage mounted on a suspended acrylic platform directly over an accelerometer, this assembly placed in an anechoic chamber. The accelerometer was sensitive to the vertical force exerted by the startle reflex, and its output was amplified and then integrated over a 100-ms interval beginning with the startle stimulus. The startle stimulus was a noise burst presented at 115 dB SPL, and was 20 ms in duration with near instantaneous rise and fall times ͑Ͻ0.2 ms͒. To human listeners this stimulus was about equivalent to a finger-snap into the palm from a distance of about 5 cm. In experiment 1 the subjects were tested in the presence of a 70 dB SPL noise background, and in experiment 2 the subjects were tested in noise backgrounds of 30, 50, and 70 dB SPL on separate test days. The startle stimulus and the background noise were presented through separate high-frequency tweeters. The background noise was controlled by an electronic switch that gated the noise off abruptly or gradually just prior to the presentation of the startle stimulus.
C. Procedure
The mice received trials on which the startle stimulus was delivered alone in the noise background with no preceding stimulus event and trails in which the startle stimulus was preceded by noise offset, the beginning of the offset leading to onset of the startle stimulus by 1, 2, 3, 4, 5, or 10 ms. On half of these prestimulus trials the noise ended abruptly ͑nominally 0 ms, actually with a decay time Ͻ0.2 ms͒ and on half of these trials the noise level was ramped off and the decay time ͑DT͒ of the linear ramp equaled the offset lead time ͑LT͒ for that trial. Thus all of the startle stimuli on these prestimulus trials were presented in quiet, in one set of trials after silent periods of 1, 2, 3, 4, 5, 10 ms ͑DTϭ0͒ and in the other set of trials immediately at the end of a ramped offset that had a duration of 1, 2, 3, 4, 5, or 10 ms ͑DTϭLT͒. There were 15 stimulus conditions in total: 2 startle stimulusalone conditions that provided the baseline control level; 12 prestimulus conditions with 6 lead times given for each of the two types of decay, ramped versus abrupt; and a single condition in which no stimuli were given but activity was measured for 100 ms at the time that a startle stimulus would normally have been given. These conditions were given in random order within blocks of 15 trials, with an average of 20 s between trials ͑range 15 to 25 s͒. A total of 11 blocks of trials were given in a test day, and the first block was discarded in order to minimize the effect of novelty that would affect performance on the first few trials. Mice were tested one at a time, and the total test time was about 1 h in duration. In experiment 1 two test days were scheduled, at least 1 day apart, with the background noise set at 70 dB for each test. In experiment 2 three test days were given, on average 4 days apart, the background noise levels variously set at 30, 50, or 70 dB, in counterbalanced order across days.
D. Data analysis
Two indices of response strength were used for the primary statistical analyses. The first was the mean integrated response amplitude on no-prestimulus control trials, in units linearly related to the force of the response and measured in voltage units. This measure provided information about the effects of age on the vigor of the startle reaction. It also provided the critical startle baseline value against which reflex modification by the prestimulus is assessed. The second was the relative response amplitude on prestimulus trials, this based on the ratio formed by dividing the mean response amplitude for each mouse for each stimulus condition by the means of its control response amplitude. Both response measures were subjected to the analysis of variance ͑ANOVA͒. In the first experiment age was a between-subjects variable, and lead time ͑1, 2, 3, 4, 5, and 10 ms͒ and decay time ͑abrupt or ramped͒ were within-subject variables. In the second experiment lead time, decay time, and noise level ͑30, 50, and 70 dB͒ were all within-subject variables. Degrees of freedom for repeated measured were adjusted for nonhomogeneity of between-cell correlations by the HunyhFeldt procedure. The major significant findings from the ANOVA are shown in Table I .
III. RESULTS
A. Startle response amplitude
Experiment 1
The amplitude of the baseline startle reflex was systematically reduced with age, the mean values in voltage units ͑ϮSEM͒ being 4795 ͑311͒, 3079 ͑216͒, and 954 ͑86͒, at 2-3, 18 -19, and 24 -26 months of age, respectively. This difference was significant ͑see Table I͒ . Males responded more vigorously than females, this difference being of marginal significance, F(1/76)ϭ3.70, pϭ0.058. There were no significant differences apparent between the groups in background activity on trials that did not have a startle stimulus, all FϽ1.0. There was thus a greater difference between the mean startle response and the activity level in younger mice, with mean differences ͑ϮSEM͒ of 4537 ͑317͒, 2797 ͑220͒, and 666 ͑84͒ from the youngest to the oldest group, respectively. However, the difference in the oldest group sufficiently large in SEM units ͑with tϭ7.89, dfϭ42͒ that the activity level would not create an artificial floor on the potential strength of reflex inhibition.
Experiment 2
The vigor of the control startle response was greatest in the presence of the 50 dB noise background for these mice, with a mean of 3519 ͑276͒, compared to means of 2995 ͑251͒ in the 70-dB background and 2397 ͑272͒ in the 30-dB background. These difference were significant ͑see Table II͒ , and the ANOVA also provided a significant quadratic trend ͑pϭ0.0009͒ that reflected the effect of the nonmonotonic ASR function across level. Subsequent t-tests found that the reduced response levels at both 70 and 30 dB compared to 50 dB were significant, pϽ0.05. There was no difference between the amplitudes of the startle reflex in males and females, FϽ1.
B. Startle response modification by noise offset
1. Experiment 1 Figure 1 depicts the mean ͑ϮSEM͒ relative response values as a function of lead time ͑LT͒ for the three age groups, when the decay time ͑DT͒ of noise offset was abrupt or was ramped down over the duration of the gap. The lines, solid for DTϭ0 and broken for DTϭLT, are the product of a nonlinear regression analysis that passed through 1.0 at LTϭ0 and provided a best least-squares fit to the data points with an exponential decay function. The decline in response strength in the DTϭ0 condition approximated the functions obtained for CBA mice of similar ages by Ison et al. ͑1998͒ , showing systematic differences in the asymptotic plateau with increasing age ͑0.14, 0.26, and 0.55 from youngest to oldest͒, but not in the time constant ͑3.8, 4.5, and 3.3 ms͒. 
FIG. 1.
Mean relative amplitude ͑ϮSEM͒ for the startle reflex when the eliciting stimulus was presented alone ͑the control level at LTϭ0͒ or when preceded by noise offset at the depicted lead times, this being the duration of the brief gap between noise offset and the onset of the startle stimulus. In one condition the decay time of the offset was abrupt ͑DTϭ0͒ and in the other condition the linear ramped decay time was the same duration as the lead time ͑DTϭLT͒. The lines describe the fit to the data provided by an exponential decay function with two parameters, the time constant and the asymptotic plateau. The horizontal dashed line is the background activity level in the absence of any stimulus. The performance of mice at three ages is shown.
The onset of inhibition was very rapid in all three age groups, so that the levels of the startle response were significantly reduced compared to the control value when the lead time of the abrupt noise offset was just 1 ms: Fig. 1 are provided in Table I , showing significant main effects of age, lead time, and decay time, and interactions of age with LT and with DT, and an interaction of LT and DT. The near asymptotic level of inhibition obtained at 10 ms when DTϭ0 was reduced with increasing age ͑p Ͻ0.0001͒. Although the mean activity score of the oldest mice was much higher relative to the level of the control ASR than it was in the younger mice ͑at 34%, compared to 6% and 11%͒ it was still much lower than the near asymptotic relative response at DTϭ0 and LTϭ10, t(24) ϭ5.54, pϽ0.0001. Separate ANOVA of the three age groups provided significant main effects for lead time, decay time, and a LTϫDT interaction for the 2-3 and 18 -19-month-old mice ͑all pϽ0.0001͒, but for the 24 -26-monthold mice there was a significant main effect for lead time ͑pϾ0.0001͒ but no significant effects attributable to the difference between ramped abrupt offsets ͑pϾ0.25͒. The pattern of effects was the same in male and female mice. As is apparent in Fig. 1 , the effect of ramped decays in the noise compared to the abrupt offset was to reduce the overall level of inhibition in the 2-3-and 18 -19-month-old mice, but not in the oldest group of mice, at 24 -26 months of age. The difference between the two types of noise offset decay increased with lead time, but in an ANOVA of the 2-3-and 18 -19-month-old mice the difference between DTϭ0 and DTϭLT was evident at the 1 ms lead time ͑pϭ0.017͒. The difference between these two age groups was not significant, FϽ1. Although there was no significant overall effect of decay time in the oldest mice, there was a significant trend for the interaction between DT and LT favoring the abrupt transition at lead times of 5 and 10 ms ͑pϭ0.16͒.
Experiment 2
Figure 2 depicts the mean relative response amplitudes ͑ϮSEM͒ for the two noise decay times across lead time, at three noise levels. The lines, solid for DTϭ0 and broken for DTϭLT, are the nonlinear regression lines passing through the point 1.0 at a lead time of 0 ms, and providing an exponential decay function to the data. Both the time constants and the asymptotic plateau for the relative response strength generally increased with the decrease in noise level. For decreasing noise level in sequence, the time constants for DTϭ0 were 2.33, 3.73, and 3.97 ms; for DTϭLT, 2.32, 4.55, and 7.94 ms; for DTϭ0 the plateaus were 0.13, 0.16, and 0.44; and for DTϭLT, 0.31, 2.87, and 0.44. Although the differences in noise level produced differences in the strength of inhibition and in its time course, the difference between the inhibitory effects of the abrupt versus the ramped offset was evident in each noise condition. The ANOVA of these relative data provided in Table II found significant main effect of level, lead time, decay time, and an interaction between level and lead time, but not level and decay time ͑Fϭ0.06͒. The pattern of effects was the same in male and female mice. There was an overall significant difference between the abrupt and the ramped decay time at a lead time of 1 ms ͑pϽ0.001͒, and this difference did not interact with noise level ͑Fϭ0.44͒.
IV. DISCUSSION AND CONCLUSIONS
A. Changes in ASR amplitude with age and with noise level
Older mice responded less vigorously than younger mice, as has been previously reported in old mice ͑Parham and Willott, 1988; Ison et al., 1998; Barsz et al., 2002͒, in old rats ͑Krauter et al., 1981͒ , and in elderly human subjects ͑Ford et al., 1995͒. About 30% of the variance in the ASR FIG. 2. Mean relative amplitude ͑ϮSEM͒ for the startle reflex when the eliciting stimulus was presented alone ͑the control level at LTϭ0͒ or when preceded by noise offset at the depicted lead times, this being the duration of the brief gap between noise offset and the onset of the startle stimulus. In one condition the decay time of the offset was abrupt ͑DTϭ0͒ and in the other condition the linear ramped decay time was the same duration as the lead time ͑DTϭLT͒. The lines describe the fit to the data provided by an exponential decay function with two parameters, the time constant and the asymptotic plateau. The horizontal dashed line is the background activity level in the absence of any stimulus. The performance of adult mice, 5-6 months in age, is shown at three noise levels. amongst old CBA mice can be attributed to individual differences in hearing thresholds as measured with the ABR, but young mice with relatively poor hearing startle more vigorously than old mice with very good hearing for their age, the two groups thus having comparable ABR thresholds ͑Barsz et al., 2002͒. One major additional cause of the decrement in startle amplitude in old humans as well as laboratory animals is likely to be the loss of muscle mass and changes in the composition and neural innervation of the skeletal muscles ͑Einsiedel and Luff, 1992͒. A second important factor may be changes in the levels of central neurotransmitters that have been shown to modulate startle reflex activity in young animals ͑Davis, 1980͒.
Startle behavior in young rats has been shown to be affected by background noise level ͑Hoffman and Fleshler, 1963; Ison and Hammond, 1971; Davis, 1974 ; and many others͒ As was found here, the effect is usually nonmonotonic, that is, there is an optimal level for facilitation beyond which the response is depressed rather than enhanced in its presence. The enhancement of startle by noise in the rat is diminished following administration of an anxiolytic drug ͑Kellogg et al., 1991͒, suggesting that it is an arousal effect of the stimulating noise. The downturn in the amplitude of the response at high noise levels has been attributed to masking ͑Davis, 1974͒. In the present context the primary interest in this variable was its potential for diminishing the difference in the inhibitory effects of abrupt versus ramped offsets, as this would suggest that the effect of age seen in experiment 1 might have resulted because the effective level of the 70 dB noise carrier was diminished by hearing loss in the oldest mice. Both the overall level of inhibition and the time constant for the development of inhibition by abrupt noise offset were altered by variation in the background level, but this had little effect on the difference between ramped and abrupt offsets. In this respect these data agree with those presented for a single human listener by Miller ͑1948͒, though they were collected in a very different experimental paradigm, and, further, they indicate that the failure to find a difference in the behavioral effect of abrupt versus ramped noise offsets did not result from the modest hearing loss of the old CBA mouse.
B. The inhibitory effect of noise offset
The present results confirm previous findings ͑Stitt et al., 1973; Ison, 1982; Ison et al., 1998͒ that noise offset in rodents has a profound inhibitory effect on the acoustic startle reflex. The range of potential explanations of this effect is limited by the fact that the onset latency of the startle reflex is very fast, about 12 ms in indirect behavioral measures of applied force ͑Hoffman and Wible, 1970͒, 6 ms in EMG measures ͑Hammond et al., 1972͒, or 3 ms in single unit activity in the motor brainstem ͑Carlson and Willott, 1998; Wu et al., 1988͒ . The observations here and in Ison et al. ͑1998͒ that significant inhibition is evident when noise offset precedes the acoustic startle stimulus by as little as 1 ms suggests that the stimulus must affect neural processing within the afferent pathways of the startle reflex, either directly by diminishing their sensitivity to afferent input, or indirectly, by engaging fast oligosynaptic feed-forward or feedback inhibitory circuits. In addition, the inhibitory phenomenon is clearly not a product of either the typical forward-masking mechanism or of sensory adaptation because it increases rather than diminishes in strength over time. It may be akin to the more complex form of forward masking observed in some cells of the dorsal cochlear nucleus by Kaltenbach et al. ͑1993͒ , in which responsivity to a probe tone declined in strength over a period of 5 to 10 ms as it was increasingly delayed with respect to the prior masking tone. Kaltenbach et al. ͑1993͒ reported that this form of masking occurred only to the extent that there was a distinguishable gap between the probe and the masker. This is evident in the present data as well, as the noise by itself in the absence of the gap tended to enhance rather than depress the startle response.
As in a prior experiment ͑Ison et al., 1998͒, the asymptotic inhibitory effect of the abrupt noise offset was systematically reduced with increasing age, which, however, did not affect the time constant for the growth of inhibition with the increase in the duration of the quiet period between noise offset and startle onset. A similar decrement in old CBA mice in the asymptotic inhibitory effect of a complete gap presented prior to the startle stimulus was described by Barsz et al. ͑2002͒ , the gap in the case consisting of both the noise offset and the subsequent noise onset, with the startle occurring 60 ms later. Both of these findings are comfortably explained by assuming that the neural responses to noise transients, to either the abrupt noise decrement at the beginning of the gap in the present experiment and in Ison et al. ͑1998͒, or to the abrupt noise increment at the end of the gap in the experiments reported in Barsz et al. ͑2002͒ , are diminished with age. Indeed, Barsz et al. ͑2002͒ as well as Walton et al. ͑1998͒ showed that the old CBA mouse has a reduced neural response in the inferior colliculus to noise onset at the end of the gap, and a slower recovery in this response with increasing suprathreshold gap durations. Given this physiological support for a diminished response to the end of the gap in the old mouse, there would seem no need to assume that in addition gap detection suffers because the old mouse is unable to follow the rapid changes in noise level at its beginning. However, the present data suggest that old age affects both the processes that are important to gap detection ͑Plomp, 1964͒, in showing that the behavioral effect of the difference between an abrupt and a ramped noise offset at the beginning of a gap emerges only at longer ramp times in the ''old-old'' mouse compared to younger mice.
One serious question is how a more slowly decaying excitatory response during the quiet period of the gap might be observed in the neurons in the inferior colliculus, because at this level of the brainstem the most sensitive gap thresholds of 1 to 2 ms appear in ''onset phasic'' cells that tend not to respond for continuous background noise. Thus, as these cells do not response to the noise prior to the gap, they could not be expected to show any greater persistence of firing during the gap. But Walton et al. ͑1998͒ also described a ''sustained'' cell type which does continue to respond during noise and reflects the presence of the gap by a reduction in its firing rate during the gap, rather than an onset response to noise at its end. In principle these cells could show such an effect of greater persistence in the gap in old mice, and, in fact, consistent with the present data, it was observed that for these cells the average gap threshold that was just 4 ms in 2-3-month-old mice increased in 2-year-old mice to an average of 10 ms. This difference reveals the greater persistence of a level of neural activity that was appropriate for the presence of noise into the quiet gap for 10 ms in the old mice. Thus this aspect of the electrophysiological data obtained by Walton et al. ͑1998͒ agrees with the behavioral effect we see in the present experiment. Both of these effects indicate that behavioral gap direction in very old mice must suffer in part because of the relatively slow decline of afferent activity during the silent period of the gap.
Like young adult mice, young adult human listeners are also sensitive to the difference between abrupt noise offsets and ramped offsets of no more than 1 ms in duration ͑Allen et al., 2002͒. It will now be especially of interest to determine whether elderly human listeners display the same loss of sensitivity to this variable of offset-ramp times as can be shown in old mice.
Our main experiment was based on the idea of von Bekesy ͑1933/1960͒ that the decay time of afferent activity after stimulus offset could be assessed by comparing the sensory impression of a sound with an abrupt offset with that of a ramped offset, to yield the longest ramp time that could not be distinguished from an abrupt offset. His analysis leads very easily to the gap detection method of determining the decay of auditory sensation as developed by Plomp ͑1964͒. The general theoretical importance of this latter measure of temporal acuity is shown in the observations that gap detection performance in human listeners is correlated with their speech perception ͑Tyler et al., 1982; Snell and Frisina, 2000; Snell et al., 2002͒ . Past research has established that gap detection performance is diminished similarly in elderly human listeners and in old mice, as recently described in Barsz et al. ͑2002͒ . The CBA mouse strain has served as an animal model for examining the effects of age on central auditory processing because it undergoes only modest cochlear pathology and associated hearing loss in old age ͑Wil-lott, 1996͒, and because it shares with other animal models that capture significant attributes of human presbycusis the potential for understanding their underlying physiological substrate. The hypothesis that an age-related decline in the rate of decay in excitation at noise offset contributes to the loss of temporal acuity with age is consistent with the idea that this process is not passive, but depends in part on active inhibition ͑Bowen et al., 2003͒. The rapid suppression of neural activity at stimulus offset may result in the mouse, and presumably other mammalian species, from a suppressive influence of inhibitory neural networks ͑Ferragamo et Wickesberg and Oertel, 1990͒ or from the intrinsic membrane properties of certain auditory cells specialized for the rapid transmission of acoustic information ͑Bal and Oertel, 2001͒. Considerable research by Caspary and his colleagues has shown significant changes in the inhibitory neurotransmitter systems of the brainstem in the rat, a related animal model, in the inferior colliculus ͓e.g., Milbrandt et al. ͑1997͒ for GABA͔ and the cochlear nucleus ͓Krenning et al. ͑1998͒ for glycine͔. At present the available data in the mouse are limited to a study of changes in glycine in the cochlear nucleus that reveal effects of age only in C57BL mice with severe hearing loss, not the CBA ͑Willott et al., 1997͒. However, other work in the CBA mouse indicates that there are age-related differences in the expression of ion channels that are critical to fast temporal processing in both excitatory and inhibitory systems of the brain stem ͑Zettel and Frisina, 2003͒, and this, too, may contribute to changes in temporal processing with age. It is possible that a greater understanding of the neural bases of these documented agerelated changes in auditory function in mice with minimal peripheral hearing loss will lead to novel pharmacological treatments for some aspects of presbycusis in the old mouse, and, potentially, for similar aspects of presbycusis in the elderly human.
